Introduction
Increasing physical activity and reducing inactivity among older adults is an important public health priority. In order to understand physical activity patterns and assess the effectiveness of interventions, it is important to be able to accurately measure physical activity (Dishman, Washburn, & Schoeller, 2001) . Self-report physical activity questionnaires are widely used by researchers; however accelerometry is becoming an increasingly popular method to collect objective unbiased physical activity data . Accelerometers are electronic motion sensors that measure the quantity and intensity of movement and provide detailed, objective physical activity data without placing a great deal of burden on participants (Esliger, et al., 2005) . In older adults, accelerometers might help overcome several of the limitations of physical activity questionnaires (Shephard, 2003) . For example, they reduce recall and/or self-report bias, and they capture light, brief activity, which is characteristic of older adults, but may not be included in participants' own cognitive appraisals of their activity.
On the other hand, accelerometers produce enormous amounts of raw data that must be
adequately processed in order to analyze and interpret them (Ward, et al., 2005) . When assessing free-living physical activity or inactivity, the researcher's goal is to include data that reflect actual wear time and eliminate data that reflect non-wear time (i.e., monitor is removed for bathing, sleeping, etc.). Because wear time is different for each day and each participant, participants are often asked to complete logs indicating when they wore the monitor each day (Esliger et al., 2005) . Using such logs to differentiate wear time from non-wear time on a day-today basis may not be feasible, however, when working with many participants. Thus, for large studies, it is preferable to use automated algorithms to include/exclude data based on pre-4 determined criteria (Masse, et al., 2005; Winkler, et al., 2012) . For example, the current consensus in the physical activity literature is that ten hours of daily wear is long enough to eliminate days when the monitor was not worn for a significant proportion of waking hours, but low enough to preserve days with sufficient data . Increasing this figure further could lead to substantial reductions in sample size and statistical power (Colley, Gorber, & Tremblay, 2010) .
The issue of estimating wear time becomes more complex when one considers that inactivity is part of human behavior so it is not possible to simply eliminate zero counts from the data, as these may represent sedentary time, as opposed to non-wear time (Evenson & Terry, 2009 ). Instead, researchers must identify an allowable interruption period in which a certain number of consecutive zeros within an hour is acceptable (Colley, et al, 2010) . Modifying this interruption period can drastically alter the number of valid hours and, in turn, the amount of data retained for analyses. A shorter interruption period could potentially eliminate useful data by incorrectly classifying inactivity as non-wear time, and thus inflate the percentage of time spent in light, moderate, and vigorous activity (Masse, et al., 2005) . Alternatively, although a longer interruption period is less likely to misclassify sedentary time as non-wear time (Choi, Liu, Matthews, & Buchowski, 2011) , it could erroneously include non-wear time in the final analysis, thus potentially diluting physical activity outcomes. Importantly, since zero counts reflect either non-wear or inactivity, sedentary time assessments will be directly affected by altering the interruption period. Given the recent interest in reducing sedentary time as a valuable behavioral outcome (Owen, Healy, Matthews, & Dunstan, 2010) , deriving accurate estimates of sedentary time using accelerometers is an important research objective.
Although the interruption period can significantly influence accelerometer data, and thus research outcomes, the criteria used during accelerometer data reduction are rarely reported. In their review of studies published in 2003 , Masse et al. (2005 found only 12.5% reported the allowable interruption period. The most commonly used period was 10 minutes of consecutive zeros (e.g., Brage, et al., 2004; Riddoch et al., 2004) , but a majority of these studies were conducted with children, who exhibit activity patterns that are drastically different from adults. For example, a controlled experiment of monitored sedentary time compared 10, 20, 30, and 60-minute interruption periods and demonstrated that wear time algorithms were much less likely to misclassify inactivity as monitor removal in children than adults, for whom the 60-minute period was deemed optimal (Rowlands, et al., 2010) . Similarly, Evenson and Terry (2009) compared 20, 40 , and 60-minute interruption periods in a sample of postpartum women and concluded that the 60-minute period best reflected actual wear time, however their participants did not complete accelerometer logs so their conclusion was based on the assumption that the women followed the study protocol. These studies recognize that identifying wear/non-wear time is an important step in accelerometer data reduction, but no studies have addressed this question among older adults, for whom activity patterns might be affected by different lifestyles, chronic disease states, and functional limitations.
The purpose of the present study was to examine the influence of three different interruption periods (i.e., 20, 30, and 60 minutes) on the amount of data retained for analyses and estimates of sedentary time among older adults. We compared estimates of wear time derived using each of the interruption periods to self-reported wear time reported on participant logs to determine the relative accuracy of each algorithm. This study aimed to provide another step towards the goal of standardizing accelerometer data reduction procedures within specific 6 populations such as older adults, which would allow for consistent data processing, and thus enhance the comparability of results between studies.
Methods
In the present study we report analysis of the baseline accelerometer data from a large 6-month randomized controlled exercise trial. Complete details of the study design, methods, and primary outcomes have been reported elsewhere (McAuley, et al., 2012; McAuley, et al., 2013) .
Participants
Participants were older adults recruited to participate in a home-based exercise intervention. To be included in the study, participants had to be at least 65 years old, report being inactive during the previous six months, and have no medical conditions exacerbated by physical activity participation, as indicated by physician authorization. Following initial contact by telephone, participants completed a pre-screening interview to determine whether they met inclusion criteria and consented to have their physician contacted. Participants were excluded from participation if they did not meet the above criteria or their physician refused to provide approval for participation.
Procedures
All procedures were approved by the University Institutional Review Board. Participants who met all inclusionary criteria signed an informed consent document and then were mailed an accelerometer and a log with instructions. They were instructed to wear the accelerometer during all waking hours, except when bathing or swimming, for seven consecutive days. In addition, participants were asked to record the exact times they started and stopped wearing the monitor each day, including periods of monitor removal, on an accelerometer log. The packet included detailed written instructions for wearing the accelerometer and completing the log, an index of answers to frequently asked questions, and a telephone number they could call if they had any questions. Following the 7-day wear period, participants returned the accelerometer and log.
Measures

Accelerometer
The Actigraph accelerometer (Actigraph, Pensacola, FL; Model GT1M or GT3X) was used for the present study. Previous validation studies have demonstrated strong agreement between activity counts collected from the GT1M and GT3X, suggesting that these models can be used interchangeably for vertical axis data (Sasaki , John, & Freedson, 2011) . Both models are lightweight and enclosed in an identical plain red case that does not provide any physical activity feedback to participants while they are wearing it. Once downloaded, data collected from the accelerometer are displayed as activity counts, which reflect raw accelerations that have been digitized, converted, and summed over a specified epoch length (e.g., 1 minute). The activity counts are directly related to physical activity intensity. For the current study, the accelerometer was secured on an elastic belt and participants were instructed to wear the monitor on their nondominant hip.
Accelerometer data were scored by two investigators using MeterPlus version 4.2 (Santech, Inc.; San Diego, CA). We were interested in defining non-wear time using 20, 30, and 60-minute interruption periods, as these have been frequently used in data reduction previously (Masse, et al., 2005) . To score the data, the investigators consulted the participants' activity logs and saved the seven days on which the participant indicated he or she wore the monitor. The raw data were scanned for anomalies (e.g., strings of consecutive identical non-zero numbers, counts exceeding the threshold for human movement) and excluded in such cases. Based on the 8 consensus in the existing literature, a minimum of ten valid hours of wear time were required for a day to be considered valid. Although the number of valid hours (and thus the number of valid days) changed when the interruption period increased from 20 to 30 to 60 minutes, the same seven days were saved for all three periods for each participant. This resulted in three separate batches of files. An established cut-point (<100) was used to estimate minutes of sedentary time (Freedson, Melanson, & Sirard, 1998) , which were subsequently converted to daily hours of sedentary time (minutes/60). In addition, we calculated the percentage of total wear time spent in sedentary activity by dividing the number of minutes of sedentary time (based on each interruption period) by the total self-reported minutes of wear time.
Activity log
Participants recorded the exact times they wore the accelerometer each day on an activity log, which was used as a criterion measure of wear time. The exact number of hours of wear per day was calculated by summing the hours of reported wear time and subtracting any time the participant reported he or she had removed the monitor (e.g., bathing). The number of valid days was calculated by summing the number of days the participant reported wearing the accelerometer for at least ten hours.
Data analysis
All subsequent analyses were conducted using Predictive Analytics Software (PASW, version 18). First, we were interested in the extent to which changes in the interruption period would affect the amount of data retained. To examine this, we calculated the average number of valid hours per day for each of the three interruption periods and used t-tests and correlation analyses to compare these values to self-reported wear time. Additionally, we calculated the percentage of participants with one, two, three, four, five, six, and seven days of valid data when the interruption period was increased from 20 to 30 to 60 minutes and compared these percentages to those derived using self-reported wear time.
Next, we examined the influence of interruption period on estimates of sedentary time.
Descriptive statistics were used to compare estimates of sedentary time based on a 20, 30, and 60 minute interruption period. For all analyses, we used non-parametric tests (i.e., Wilcoxon signed ranks tests and Spearman's correlations) in the event that data were skewed.
Results
Participant characteristics
A total of 311 individuals enrolled in the study and wore the accelerometer. The mean age of all participants was 71.12 (SD=5.13) years, and the majority were female (76.7%), welleducated (43.3% with at least a college degree), and relatively affluent (53.3% with an annual income >$40,000). Of the 311 participants, 298 (95.8%) submitted an activity log.
Effect of interruption period on estimates of wear time
The mean wear time (hours per day) was calculated based on the activity logs and the three different allowable interruption periods. Figure 1 displays 
Discussion
Accelerometers can provide relatively accurate, reliable physical activity data and appear to be a promising means for measuring physical activity and inactivity in older adults. In order to maximize the quality of the data they provide, however, it is critical to establish standard procedures for accelerometer data reduction that are supported by empirical evidence. The length of the allowable interruption period can drastically impact the quantity and quality of data retained for analyses, but has received minimal attention to date in older adult populations. The purpose of this study was to examine the influence of three different interruption periods on the amount of data retained for analyses and estimates of sedentary time among older adults.
As expected, increasing the interruption period had a significant impact on sample size.
Specifically, when using a 60-minute period, the greatest number of participants had at least 10 valid hours of data. When the interruption period was changed to 30 minutes, this percentage dropped slightly, and when further restricting the interruption period to 20 minutes, there was a more drastic reduction in the number of participants with valid data. For example, if one was interested in only retaining participants with at least five valid days, as recommended previously by Troiano et al. (2008) , the percentage of data retained would be 59.2%, 89.4%, and 97.7% for 20, 30, and 60 minute interruption periods, respectively. These results suggest that whereas an interruption period of 30 minutes may be conservative enough to retain a majority of participants, further reducing this period to 20 minutes may severely compromise sample size. It is likely that for older adults, who may have substantial bouts of sedentary activity throughout the day, an interruption period of 20 minutes is too restrictive and would incorrectly classify inactivity as non-wearing time.
Comparison between self-reported wear time and wear time estimated using each of the interruption periods substantiated these findings and further supported the use of a longer interruption period. Specifically, estimated days of wear derived using a 60-minute interruption period were most strongly correlated with self-reported valid days of wear. Thus, extending the interruption period appears to not only increase the available sample size, but also more closely reflect actual wear time.
Changes in the interruption period also significantly affected estimates of sedentary time, particularly when sedentary time was expressed as a percentage of total wear time. Although we did not have a criterion measure of sedentary time with which to compare the estimates, population-based studies have estimated older adults spend over 60% of their waking hours engaged in sedentary activities (Matthews, et al., 2008) . In addition, because participants who reported engaging in physical activity more than two days per week were excluded from this study, the proportion of sedentary time should have been relatively high. Thus, the estimate of 40.0% derived using a 20-minute interruption period is likely a severe underestimation of sedentary time.
There are a number of strengths and limitations to this study. To our knowledge this is the first study to have investigated the issue of allowable interruption period in a large sample of older adults. Although the sample was relatively homogenous in that a majority of participants were white, highly educated, fairly affluent, and relatively sedentary, we believe these findings make a novel contribution to the study of accelerometer data collection and reduction, and bring us a step closer to the goal of establishing standardized procedures for data reduction. Although our findings suggest a 60-minute interruption period is likely to be optimal within this population, these findings need to be replicated in other samples of older adults. We would caution future researchers to avoid generalizing these findings to other populations (e.g., children/young adults, individuals with chronic diseases that affect physical and/or cognitive function), as activity patterns in these groups may differ markedly from those exhibited by older adults. This study did not utilize a criterion measure of sedentary time, so our results relative to this outcome are purely descriptive and should be compared to alternative measures of sedentary time in future studies to ensure algorithms accurately distinguish it from non-wear time. Future studies might also consider improving data reduction algorithms by removing spurious data (i.e., 1-2 nonzero counts surrounded by long strings of zero counts; Evenson & Terry, 2009; Winkler, et al., 2012 ).
In conclusion, our findings indicate a longer interruption period (i.e., 60 minutes) yields the largest sample size and the closest approximation of self-reported wear time. A short interruption period (i.e., 20 minutes) is likely to underestimate sedentary time among older adults. These results suggest researchers should use a longer interruption period when collecting accelerometer data from older adults in order to maximize sample size and provide the most accurate estimation of wear time and sedentary time. 
